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(57) An amplifier gain control includes a buffer for 
storing first and second samples of an amplified infor- 
mation signal, and a gain-determination circuit The 
gain-determination circuit generates a gain adjustment 
based on the sum of the first and second samples, the 
gain adjustment changing the information signal toward 
a predetermined amplitude. This provides an initial 
coarse gain adjustment to a read-signal amplifier in a 



disk-drive read channel and promotes faster settling of 
the amplifier gain at the beginning of a data sector. This 
allows the data sector to have a shorter preamble, and 
the disk has a higher data-storage density. The phase 
angle between the sample clock and the preamble si- 
nusoid may be unknown at the beginning of the data 
sector, and the circuit can determine the initial gain ad- 
justment independent of phase angle. 
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Description 



[0001] The invention relates generally to electronic 
circuits, and more particularly to a circuit and method for 
controlling the gain of an amplifier based on the sum of 
samples of the amplified signal. In one application, a cir- 
cuit according to the invention provides an initial gain 
adjustment to a read-signal amplifier in a disk-drive read 
channel. This initial adjustment allows the amplifier 
gain-adjust circuitry to more quickly determine and set 
the proper amplifier gain at the beginning of a disk data 
sector. This faster determination and setting allows a re- 
duction in the length of the data-sector preamble, and 
thus allows an increase in the disk data-storage density. 
Furthermore, because the phase angle between the 
sample clock and the preamble sinusoid may be un- 
known at the beginning of the data sector, the circuit can 
determine the initial gain adjustment independent of this 
phase angle. 

[0002] Figure 1 is a block diagram of a conventional 
disk-drive read channel 10, which includes a read path 
12 and an gain-control circuit 14. The read path 12 in- 
cludes a disk 1 6 for storing data, a read head 1 8 for read- 
ing data from the disk 16 and for generating a corre- 
sponding read signal, a signal-controlled amplifier 20 for 
amplifying the read signal, an analog-to-digital (AID) 
converter 22 for sampling and digitizing the amplified 
read signal, a finite-impulse-response (FIR) filter 24 for 
equalizing the digital samples, and a Viterbi detector 26 
for recovering the read data from the equalized sam- 
ples. Although shown having a single A/D converter 22, 
the read path 12 may include two or more parallel A/D 
converters as is well known. The gain-control circuit 14 
includes a gain-determination circuit 28 for generating 
a digital gain-control signal, and a digital-to-analog con- 
verter (D/A) 30 for converting the digital gain-control sig- 
nal into an analog gain-control signal (voltage or cur- 
rent). 

[0003] Figure 2 is a diagram of a preamble sinusoid 
generated by the amplifier 20 of Figure 1 and having a 
peak amplitude A. A preamble is a bit pattern that is 
stored a the beginning of each data sector (not shown) 
of the disk 16. This bit pattern is designed such that while 
the read head 18 reads the preamble, the read signal 
from the head 1 8 and the amplified read signal from the 
amplifier 20 are sinusoids or approximate sinusoids. As 
discussed below, the read channel 10 uses the pream- 
ble to calibrate itself in preparation of the head 1 8 read- 
ing the data that follows the preamble. Because the pre- 
amble occupies storage locations that could otherwise 
store data, one usually desires the preamble to be as 
short as possible. But if the preamble is too short, then 
the read channel 1 0 may calibrate itself improperly, and 
thus may read the stored data inaccurately. Therefore, 
the calibration time of the read channel 10 typically dic- 
tates the minimum length of the preamble. 
[0004] Referring to Figures 1 and 2, the gain-control 
circuit 14 uses equalized samples of the preamble sinu- 



soid from the FIR filter 24 to calibrate the gain of the 
amplifier 20. The Viterbi detector 26 is designed to proc- 
ess samples that are within a predetermined range of 
values, this range including a predetermined maximum 
5 value and a predetermined minimum value. Further- 
more, the FIR samples of the preamble-sinusoid's pos- 
itive and negative peaks respectively correspond to 
maximum and minimum sample values. Therefore, 
while the head 18 reads the preamble, the gain-control 
10 circuit 14 uses feedback - the amplifier 20, A/D 22, FIR 
24 and control circuit 1 4 form a feedback loop - to adjust 
the gain of the amplifier 20 so that at the output of the 
FIR 24, the positive-peak and negative-peak samples 
equal the predetermined maximum and minimum val- 
'5 ues, respectively, before the head 18 begins reading da- 
ta. 

[0005] Unfortunately, the gain-control circuit 14 often 
limits the storage density of the disk 16. To insure that 
the gain-adjust feedback loop is stable and can finely 
20 tune the gain of the amplifier 20, the circuit 14 typically 
has a relatively long time constant i.e., operates rela- 
tively slowly. Therefore, the circuit 14 often must proc- 
ess a relatively large number of preamble-peak samples 
from the Fl R 24 before the gain o the amplifier 20 settles 
25 to an acceptable level. Consequently, the circuit 14 re- 
quires - the disk 16 to store a relatively long preamble 
in each data sector to insure that the amplifier gain set- 
^ ties to an acceptable level before the read head 1 8 be- 
gins reading the data that follows the preamble. Unfor- 
30 tunately, this requirement limits the number of data bits 
that each data sector can store, and thus limits the total 
number of data bits that the disk 1 6 can store. 
[0006] In one aspect of the invention, a circuit controls 
the gain of an amplifier that amplifies an information sig- 
35 nal. The circuit includes a buffer for storing first and sec- 
ond samples of the amplified information signal, and a 
gain-determination circuit coupled to the buffer. The 
gain-determination circuit generates a gain adjustment 
based on the sum of the first and second samples, and 
40 the gain adjustment causes the amplifier to change the 
amplitude of the amplified information signal to or to- 
ward a predetermined amplitude. 
[0007] Such a circuit can provide an initial, coarse 
gain adjustment to a read-signal amplifier in a disk-drive 
45 read channel. Compared to prior read channels, this in- 
itial adjustment promotes faster settling of the amplifier 
gain at the beginning of a data sector. This faster settling 
allows the data sector to have a shorter preamble, and 
thus allows the disk to have a higher data-storage den- 
50 sity. Furthermore, because the phase angle between 
the sample clock and the preamble sinusoid may be un- 
known at the beginning of the data sector, the circuit can 
determine the initial gain adjustment independent of this 
phase angle. 

55 [0008] Some embodiments of the invention will now 
be described by way of example and with reference to 
the accompanying drawings in which: 
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Figure 1 is a block diagram of a conventional disk- 
drive read channel. 

Figure 2 is a sinusoid generated by the read ampli- 
fier of Figure 1 while reading a preamble of a disk 
data sector. 

Figure 3 is a block diagram of a disk-drive read 
channel according to an embodiment of the inven- 
tion. 

Figure 4 is a block diagram of the initial-gain-deter- 
mination circuit of Figure 3 according to an embod- 
iment of the invention. 

Figure 5 is a phase diagram of a portion of a pre- 
amble sinusoid according to an embodiment of the 
invention. 

Figure 6 is a linear approximation of a preamble si- 
nusoid according to an embodiment of the inven- 
tion. 

Figure 7 is a block diagram of look-up memories 
that respectively compose the amplitude-based 
and post-sampling-based gain-component circuits 
of Figure 4 according to an embodiment of the in- 
vention. 

Figure 8 is a block diagram of a disk-drive system 
that incorporates a portion of the read channel of 
Figure 3 according to an embodiment of the inven- 
tion. 

[0009] Figure 3 is a block diagram of a read channel 
34 according to an embodiment of the invention. The 
read channel 34 is similar the to read channel 1 0 of Fig- 
ure 1; therefore, like numerals reference like compo- 
nents in Figures 1 and 3. But unlike the read channel 
10, the read channel 34 includes an initial-gain-determi- 
nation circuit 36, which provides an initial, coarse gain 
adjustment to the read amplifier 20 via a conventional 
D/A converter 38. Compared to the read channel 1 0, this 
initial adjustment promotes faster settling of the ampli- 
fier gain at the beginning of each data sector. This faster 
settling allows each data sector to store a shorter pre- 
amble, and thus allows the disk 16 to have a higher data- 
storage density. 

[0010] More specifically, the read channel 34 includes 
a read path 39, which is similar to the read path 12 of 
Figure 1 except that it uses digital timing recovery, and 
thus includes a sample interpolator 41 coupled between 
the FIR filter 24 and the Viterbi detector 26. Briefly, dig- 
ital timing recovery is a technique for determining the 
phase angle between the A/D sampling clock (not 
shown) and the read signal. The interpolator 41 adjusts 
the sample values based on this phase angle. Digital 
timing recovery and the interpolator 41 are disclosed in 
more detail in the following references, which are incor- 
porated by reference: U.S. Patent App. Serial No. 
09/387,146, entitled "Digital Timing Recovery Using 
Baud Rate Sampling", filed August 31, 1999; U.S. Pat- 
ent App. entitled "Circuit And Method For Determining 
The Phase Difference Between A Sample Clock And A 
Sampled Signal", U.S. Pat. App. Ser. No. , At- 



torney Docket No. 99-S-163 (1678-15), which has the 
same filing date as the present application; and, U.S. 
Patent App. entitled "Circuit And Method For Determin- 
ing The Phase Difference Between A Sample Clock And 
5 A Sampled Signal By Linear Approximation", U.S. Pat. 

App. Ser. No. , Attorney Docket No. 99-S-1 64 

(1 678-1 6), which has the same filing date as the present 
application. The read channel 34 also includes a gain- 
control circuit 40, which includes the gain circuit 28, the 
10 initial-gain circuit 36, and the D/A converter 38 accord- 
ing to an embodiment of the invention. 
[001 1 ] The gain-determination circuit 28 monitors the 
samples from the interpolator and sets and maintains 
the magnitudes of the samples within a desired range 
is by determining and providing one or more fine gain ad- 
justments to the amplifier 20 while the head 18 reads 
the data portion of the read signal. In some embodi- 
ments, the circuit 28 also performs these functions while 
the head 18 reads the preamble sinusoid. 
20 [0012] The initial-gain-determination circuit 36, how- 
ever, monitors the samples from the A/D 22, and drives 
the magnitudes of these samples toward or into a de- 
sired range by determining and providing an initial, 
coarse gain adjustment to the amplifier 20 while the 
25 head 1 8 reads the preamble sinusoid. The circuit 36 
monitors the A/D samples instead of the interpolated 
samples because the A/D 22 typically produces sam- 
ples much sooner than the interpolator 41 . Therefore, 
the circuit 36 can provide the initial gain adjustment 
30 more quickly and with a shorter preamble than might 
otherwise be needed. In one embodiment, the circuit 36 
determines the initial gain adjustment independently of 
the phase between the sample clock (not shown) and 
the preamble sinusoid. In another embodiment, the cir- 
35 cuit 36 provides the initial gair adjustment to the ampli- 
fier 20 before the gain circuit 28 provides a fine gain ad- 
justment. In yet another embodiment, the circuit 36 bas- 
es its determination of the initial gain adjustment not only 
on the A/D samples, but also on a gain experienced by 
40 the samples within the read path 14 after the samples 
leave the A/D 22. For example, in one embodiment, the 
initial gain adjustment accounts for the gain of the FIR 
filter 24 so as to more accurately set the initial magni- 
tudes of the interpolated samples at the input of the VI- 
4 $ terbi detector 26. 

[001 3] The D/A converter 38 converts the fine gain ad- 
justments from the circuit 28 and the coarse gain adjust- 
ment from the circuit 34 into respective portions of an 
analog gain-control signal — voltage or current — 
so which sets the gain of the amplifier 20 to a level corre- 
sponding to the respective gain adjustment. In one em- 
bodiment, the gain-control signal is logarithmically or 
otherwise exponentially scaled. In another embodiment, 
the gain-control signal is linearly scaled. The type of 
55 scaling depends on the requirements of the amplifier 20, 
and the circuits 28 and 36, the converter 38, or other 
circuits (not shown) can perform the scaling in a con- 
ventional manner. 
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[0014] Still referring to Figure 3, while the read head 
18 reads the preamble sinusoid at the beginning of a 
data sector, the initial-gain-determination circuit 36 de- 
termines an initial, coarse gain adjustment based on the 
magnitudes of the A/D samples, and, in some embodi- 
ments, on the expected post-sampling gain within the 
read path 39. The circuit 36 provides this initial adjust- 
ment to the amplifier 20 via the D/A converter 38, and 
then becomes inactive until the head 18 begins reading 
the next data sector. This initial adjustment causes the 
magnitudes of the interpolated samples to move a sig- 
nificant amount towards the desired range, and in some 
cases into the desired range. Subsequently, the gain cir- 
cuit 28 becomes active and through a series of fine gain 
adjustments, causes the magnitudes of the interpolated 
samples to move into the desired range, and/or to re- 
main within the desired range while the head 18 reads 
the data in the sector. 

[0015J Figure 4 is a block diagram of the initial-gain- 
determination circuit 36 of Figure 3 according to an em- 
bodiment of the invention. The circuit 36 includes a con- 
ventional buffer 42 for receiving and storing samples 
from the A/D 22 (Figure 3), a conventional filter 44 for 
filtering the samples, and an initial-gain-adjustment cir- 
cuit 46 for determining the initial gain adjustment. The 
circuit 46 includes a circuit 48 for deriving a first compo- 
nent of the initial gain adjustment from the magnitudes 
of the preamble-sinusoid A/D samples, a circuit 50 for 
deriving a second component of the initial gain adjust- 
ment from a post-sampling gain experienced by the read 
signal, and a circuit 52 for generating the initial gain ad- 
justment from the first and second components. In other 
embodiments, the buffer 42 may be omitted such that 
the filte 44 receives the samples directly, or both the 
buffer 42 and the filter 44 may be omitted such that the 
circuit 46 receives the samples directly. In yet other em- 
bodiments, the circuit 46 may perform the buffering or 
filtering. Furthermore, in some embodiments, the circuit 
46 need not consider the post-sampling gain, and thus 
may omit the circuit 50. In such embodiments the circuit 
48 may generate the initial gain adjustment, and thus 
the generator 52 may also be omitted. 
[0016] Still referring to Figure 4, the operation of the 
circuit 36 and its sub-circuits are now discussed in more 
detail. 

[0017] The buffer 42 receives and stores first and sec- 
ond raw samples of the read signal from the A/D 22 (Fig- 
ure 3). In one embodiment, the buffer 42 receives eight 
first raw samples that correspond to eight respective ris- 
ing edges of the sample clock (not shown) , and receives 
eight second raw samples that correspond to eight re- 
spective falling edges of the sample clock. Although de- 
scribed as receiving the first and second raw samples 
from a single A/D converter 22, the buffer 42 may re- 
ceive the first raw samples from the A/D converter 22 
and receive the second raw samples from a second A/ 
D converter (not shown). 

[0018] The filter 44 receives the first and second raw 



samples from the buffer 40 and filters the raw samples 
to generate a first filtered sample and a second filtered 
sample. In one embodiment, the filter 44 sets the first 
filtered sample equal to the average of the first raw sam- 
5 pies, and sets the second filtered sample equal to the 
average of the second raw samples. This averaging typ- 
ically eliminates most or all of the noise superimposed 
on the read signal. 

[0019] The circuit 46 determines the initial gain ad- 
10 justment based on the magnitudes of the first and sec- 
ond filtered samples. Specifically, the circuit 48 deter- 
mines the first component of the initial gain adjustment 
based on what the gain of the amplifier 20 should be 
changed to given the magnitudes of the first and second 
*5 filtered samples. The specifics of this determination are 
discussed below in conjunction with Figures 5 and 6. 
The circuit 50 determines the second component of the 
initial gain adjustment based on by what factor the first 
component needs to be scaled to take into account the 
20 post-sampling gain. For example, referring to Figure 3, 
assume that the desired maximum sample magnitude 
at the output of the sample interpolator 41 is M, and that 
the circuit 48 determines that the maximum sample 
magnitude at the output of the A/D 22 is 2M: Therefore, 
25 the circuit 48 generates the first component so as to re- 
duce the gain of the amplifier 20 by one half, so that the 
maximum sample magnitude at the output of the A/D 22 
will thereafter be the desired magnitude M. But the sam- 
ple magnitudes are altered by the gain of the FIR filter 
30 24 (assume the interpolator 41 has unity gain) before 
the Viterbi detector 26 receives then. Therefore, in this 
scenario, the maximum sample magnitude at the input 
of the Viterbi detector 26 equals Mx(FIR Gain). Unless 
FIR Gain = 1, the maximum sample magnitude will not 
35 equal M at the input of the Viterbi detector 26. Therefore, 
the circuit 50 conventionally determines the FIR Gain 
from the coefficients of the FIR filter 24, and then gen- 
erates the second gain component so as to reduce the 
gain of the amplifier by 1/(FIR Gain). Consequently, the 
40 circuit 52 generates the initial gain adjustment such'that 
once it causes a corresponding change in the amplifier 
20 gain, the maximum sample magnitude at the A/D 22 
output equals M/(FIR Gain), and the maximum sample 
magnitude at the Viterbi detector 26 input equals [M/ 
45 (FIR Gain)]x(FIR Gain) = M, which is the desired maxi- 
mum sample magnitude. 

[0020] Figure 5 is a phase diagram of a positive half 
period of the preamble sinusoid of Figure 2. The dia- 
gram shows that if first and second filtered samples 56 
so and58 are one quarter period, i.e., 90°, apart — as they 

typically are in the read channel 39 (Figure 3) then 

the peak amplitude A* = (first filtered sampled + (sec- 
ond filtered sample)*, and thus A = square root[(first fil- 
tered sample)2 + (second filtered sample)*]. Specifical- 
55 |y, assume that the first sample lags a first zero-crossing 
point 60 by an angle a. Consequently, the magnitude of 
the first sample 56 equals Asinoc. Furthermore, because 
the first sample 56 leads the second sample 58 by 90°, 
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the second sample 58 lags the peak 62 by a and leads 
a second zero-crossing point 64 by 90°- a. Therefore, 
the magnitude of the second sample 58 equals Asin(90° 
- a) = Acosa. Furthermore, sln 2 a + cos 2 a = 1 , and thus 
A 2 sin 2 cc + A 2 cos 2 a = A 2 (sin 2 a + cos 2 a) = A 2 = (first fil- 
tered sample 56) 2 + (second filtered sample 58) 2 , and 
A = square root((first filtered sample 56) 2 + (second fil- 
tered sample 58) 2 ]. Thus, as long as the first and second 
filtered samples 56 and 58 are spaced apart by or ap- 
proximately by 90°, one can calculate the amplitude A 
from the first and second filtered samples 56 and 68 re- 
gardless of where these samples are located on the pre- 
amble sinusoid, i.e., regardless of the phase angle be- 
tween the sample clock (no shown) and the preamble 
sinusoid. 

[0021] Referring again to Figure 4, in one embodi- 
ment of the invention the circuit 48 uses the technique 
described above In conjunction with Figure 5 to make a 
phase-independent determination of the first gain com- 
ponent. Because this determination does not depend on 
the phase between the sample clock and the preamble 
sinusoid the circuit 48 can make this determination at 
the beginning of the preamble, and need not wait for an- 
other circuit (not shown) to determine the phase. This 
allows a shorter preamble than might otherwise be nec- 
essary. 

[0022] Specifically, the circuit 48 determines the max- 
imum, i.e., peak magnitude of the samples as described 
above in conjunction with Figure 5. From this peak mag- 
nitude, the circuit 48 generates the first component of 
the initial gain adjustment so as to change the gain of 
the amplifier 20 such that the peak magnitude at the in- 
put to the Viterbi detector 26 (Figure 3) will thereafter be 
nearer or equal to the desired peak magnitude as de- 
scribed above. For example, if the desired peak magni- 
tude is M and the determined peak magnitude is 2M, 
then the circuit 48 generates the first component so that, 
ignoring the affect of the second component for the mo- 
ment, it will cut the gain of the amplifier 20 (Figure 3) in 
half. Of course, as described above, the circuit 50 gen- 
erates the second component to scale the affect of the 
first component by an amount corresponding to a post- 
sampling gain experienced by the A/D samples. 
[0023] Figure 6 is a diagram of a linear approximation 
of the positive half period portion of the preamble sinu- 
soid shown in Figure 5. Here, the positive half period of 
the preamble sinusoid is approximated as a triangle. Ac- 
cording to known geometric principles as applied to tri- 
angles, if the preamble sinusoid were a triangle wave, 
then the peak amplitude A = B + C = first filtered sample 
56 + second filtered sample 58. But because the first 
and second samples 56 and 58 are points of a sinusoid 
and no points of a triangle wave, then A = B + C, and 
the accuracy of A depends on the phase between the 
samples 56 and 58, i.e., the sample clock (not shown), 
and the preamble sinusoid. 

[0024] Referring again to Figure 4, in some embodi- 
ments of the invention, the circuit 48 uses the linear- 



approximation technique described above in conjunc- 
tion with Figure 5 to make a determination of the first 
gain component. In each of these embodiments, once 
the circuit 48 determines the amplitude A, it generates 
5 the first component of the initial gain adjustment in the 
manner described above in conjunction with Figures 4 
and 5. 

[0025] In a first of these embodiments, the circuit 48 
merely calculates A = B + C. Although this calculation 

10 may be relatively inaccurate, the circuit 48 does not 
need the phase angle between the sample clock and 
the preamble sinusoid to make this calculation. Further- 
more, even a relatively inaccurate value for A often al- 
lows the gain-determination circuit 46 to generate an in- 

15 itial gain adjustment that significantly reduces the gain 
settling time as compared to generating no initial gain 
adjustment. 

[0026] In a second of these embodiments, the circuit 
48 scales one or both of the samples 56 and 58 to in- 
20 crease the accuracy of A. For example, in one applica- 
tion, the circuit 48 first determines which of the samples 
56 and 58 has the smallest magnitude. If the magnitudes 
of both samples are equal, then the circuit 48 can select 
the magnitude of either sample as the smallest. Next, 
25 the circuit 48 scales the smallest sample magnitude by 
a scale factor (2 — square root(2)) + (square root (2)) 
= 0.414. Then, the circuit 48 calculates the peak mag- 
nitude A = (scale factor) x (minimum sample magnitude) 
+ maximum sample magnitude. This specific technique 
30 yields an accuracy for A within ± 1 0%, where the accu- 
racy depends on the phase angle between the sample 
clock and the preamble sinusoid during the time that the 
A/D 22 generates the samples 56 and 58. 
[0027] In a third of these embodiments, the circuit 48 
35 scales one or both samples and calculates a raw value 
for A (Raw_A) according to the technique described 
above for the second embodiments, and then scales 
Raw_A with a correction factor CF that is a function of 
the phase angle between the sample clock and the pre- 
40 amble sinusoid. For example, in one application, a sep- 
arate phase circuit (not shown) calculates a 5-bit relative 
phase angle a' between the sample clock and the pre- 
amble sinusoid. Examples of such a phase circuit are 
disclosed in U.S. Patent App. entitled "Circuit And Meth- 
45 od For Determining The Phase Difference Between A 
Sample Clock And A Sampled Signal", Attorney Docket 
No. 99-S-1 63 (1 678-1 5), which has the same filing date 
as the present application; and, U.S. Patent App. enti- 
tled "Circuit And Method For Determining The Phase 
50 Difference Between A Sample Clock And A Sampled 
Signal By Linear Approximation", Attorney Docket No 
99-S-164 (1678-16), which has the same filing date as 
the present application, which are previously incorpo- 
rated by reference. Table I shows the values of CF and 
55 the peak magnitude A for respective ranges of a*. 
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TABLE I 



a' 


CF 


A = CF x Raw__A 


0-3 


1.00 


A = Raw_A 


5-13 


0.95 


A = 0.95Raw_A 


14-18 


0.90 


A = 0.90Raw_A 


19-28 


0.95 


A = 0.95Raw_A 


29-31 


1.00 


A = Raw_A 



Because the circuit 48 can calculate Raw_A while the 
phase circuit calculates a', there is little or no time pen- 
alty for the circuit 48 calculating the peak magnitude A 
using this technique, and thus the preamble typically 
need not be lengthened with respect to the embodiment 
described above in conjunction with Figure 5 and the 
first and second embodiments described above in con- 
junction with Figure 6. 

[0028] Figure 7 is a block diagram of an alternate em- 
bodiment of the circuits 48 and 50 of Figure 4. In this 
embodiment, the circuits 48 and 50 each include one or 
more respective look-up memories. Specifically, the cir- 
cuit 48 stores a number of values that are predetermined 
according to one of the calculation techniques described 
above for the circuit 48. The circuit 48 then retrieves the 
one of these values that corresponds to the magnitudes 
of the first and second filtered samples, and provides 
this value to the generator 52 (Figure 4) as the first com- 
ponent of the initial gain adjustment. Similarly, the circuit 
50 stores a number of predetermined values respective- 
ly corresponding to potential post-sampling gains. The 
circuit 50 then retrieves the one of these values that cor- 
responds to the received post-sampling gain informa- 
tion, and provides this value to the generator 52 as the 
second component of the initial gain adjustment. In one 
application, the circuits 48 and 50 may each partition 
their look-up memories into respective sections that 
store intermediate values for respective parts of a cal- 
culation, and then calculate the final values from these 
intermediate values. For example, referring to Figures 
4 and 5, the circuit 48 may include a first section for stor- 
ing predetermined values of (first sample 56) 2 , a second 
section for storing predetermined values of (second 
sample 58) 2 , and a calculation circuit (not shown) for 
calculating from these values the first component of the 
initial gain adjustment. 

[0029] An advantage of this alternate embodiment is 
that it is typically faster than the above-described em- 
bodiments because the circuits 48 and 50 can retrieve 
predetermined values from a memory location faster 
than they can calculate these values. Conversely, a dis- 
advantage of this embodiment is that the size of the 
look-up memories often renders the circuits 48 and 50 
significantly larger than in the above-described embod- 
iments. 

[0030] Figure 8 is a block diagram of a disk-drive sys- 
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tern 100, which includes a disk drive 102, according to 
an embodiment of the invention. The disk drive 102 in- 
corporates a read circuit 103, which includes the ampli- 
fier 20, A/D converter 22, FIR filter 24, sample interpo- 
lator 41 , Viterbi detector 26, and gain-control circuit 40 
of Figure 3. The disk drive 102 includes the read head 
18, which is typically a combination write/read head, a 
write circuit 1 06 for generating and driving the head 1 04 
with a write signal, and a write controller 108 for inter- 
facing the write data to the write circuit 106. The disk 
drive 1 02 also includes the read circuit 1 03 for receiving 
a read signal from the head 1 8 and for recovering data 
from the read signal, and includes a read controller 114 
for organizing the read data. The disk drive 102 further 
includes a storage medium such as one or more of the 
disks 16, each of which may store data on one or both 
sides. The read/write head 18 writes/reads the data 
stored on the disks 16 and is connected to a movable 
support arm 118. A position system 120 provides a con- 
trol signal to a voice-coil motor (VCM) 122, which posi- 
tionally maintains/moves the arm 11 8 so as to position- 
ally maintain/radially move the head 1 8 over the desired 
data on the respective disks 16. A spindle motor (SPM) 
124 and a SPM control circuit 126 respectively rotate 
the disks 16 and maintain them at the proper rotational 
speed. 

[0031] The disk-drive system 1 00 also includes write 
and read interface adapters 1 28 and 1 30 for respective- 
ly interfacing the write and read controllers 1 08 and 1 1 4 
to a system bus 132, which is specific to the system 
used. Typical system busses include ISA, PCI, S-Bus, 
Nu-Bus, etc. The system 100 also typically has other- 
devices, such as a random access memory (RAM) 134 
and a central processing unit (CPU) 136 coupled to the 
bus 132. 

[0032] From the foregoing it will be appreciated that, 
although specific embodiments of the invention have 
been described herein for purposes of illustration, vari- 
ous modifications may be made without deviating from 
the spirit and scope of the invention. For example, al- 
though the circuits of Figures 3, 4, and 7 are described 
as having distinct circuit blocks, the functions of some 
or all of these blocks may be performed by one or more 
processors. Furthermore, because one of skill in the art 
can design specific circuitry or software to perform the 
above-described functions, the details of this circuitry 
and software are omitted for clarity. 
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A circuit for controlling a gain of an amplifier that is 
operable to amplify an information signal, the circuit 
comprising: 

a buffer operable to store first and second sam- 
ples of the amplified information signal; and 
a gain-determination circuit coupled to the buff- 
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3. 



4. 



5. 



er and operable to generate a gain adjustment 
based on the sum of the first and second sam- 
ples, the gain adjustment operable to cause the 
amplifier to change the amplitude of the ampli- 
fied information signal to or toward a predeter- 
mined amplitude. 

The circuit of claim 1 wherein the gain-determina- 
tion circuit is operable to generate the gain adjust- 
ment based on the sum one of the samples and the 
product of the other sample and a predetermined 
scale factor. 

The circuit of claim 1 wherein the gain adjustment 
is proportional to a ratio of the predetermined am- 
plitude to the sum of the first and second samples. 

The circuit of claim 1 wherein the gain -determina- 
tion circuit comprises: 

a first gain-component circuit operable to gen- 
erate a first gain-component signal based on 
the sum of the first and second samples; 
a second gain-component circuit operable to 
generate a second gain-component signal 
based on a post-sampling gain experienced by 
the amplified information signal; and 
a gain-adjustment generator coupled to the first 
and second gain-component circuits and oper- 
able to generate the gain adjustment from the 
first and second gain-component signals. 

The circuit of claim 1 wherein the gain-determina- 
tion circuit comprises: 



7. 



10 



15 



20 



25 



30 



a first gain-component look-up memory opera- 
ble to store first gain-component values and to 
provide a stored first gain-component value 
corresponding to the sum of the first and sec- 
ond samples; 

a second gain-component look-up memory op- 
erable to store second gain-component values 
and to provide a stored second gain-compo- 
nent value corresponding to a post-sampling 
gain experienced by the amplified information 
signal; and 

a gain-adjustment generator coupled to the first 
and second gain-component look-up tables 
and operable to generate the gain adjustment 
from the first and second gain-component val- 
ues. 

6. The circuit of claim 1 wherein: 

the information signal comprises a periodic sig- 
nal; and 

wherein the first sample leads the second sam- 
ple by or approximately by 90° of the periodic 
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signal. 

A circuit for controlling a gain of an amplifier that is 
operable to amplify an information signal, the circuit 
comprising: 

a filter operable to receive a first and a second 
raw sample of the amplified information signal 
and to generate respective first and second fil- 
tered samples therefrom; and 
a gain-determination circuit coupled to the buff- 
er and operable to generate a gain adjustment 
based on the sum of the first and second sam- 
ples, the gain adjustment operable to change 
the amplitude of the amplified information sig- 
nal to or toward a predetermined amplitude. 

8. The circuit of claim 7 wherein: 

the information signal comprises a periodic sig- 
nal; and 

the filter is operable to, 

receive first raw samples that are-spaced 
apart from each other by or approximately 
by half a period of the amplified information 
signal, 

receive second raw samples that are 
spaced apart from each other by or approx- 
imately by half a period of the signal and 
that are respectively spaced apart from the 
first samples by or approximately by a 
quarter period of the signal, 
generate the first filtered sample equal to 
an average of the first raw samples, and 
generate the second filtered sample equal 
to an average of second raw samples. 

9. A read circuit, comprising: 

an amplifier having an adjustable gain and op- 
erable to receive and amplify a read signal hav- 
ing a preamble portion and a data portion; 
an analog-to-digital converter coupled to the 
amplifier operable to generate samples of the 
amplified read signal; 

a first gain-determination circuit coupled to the 
amplifier and to the converter and operable to 
control the gain of the amplifier during the data 
portion of the read signal; and 
a second gain -determination circuit coupled to 
the amplifier and to the converter and operable 
to control the gain of the amplifier during the 
preamble portion of the read signal in response 
to the sum of first and second samples of the 
amplified read signal. 



10. The read circuit of claim 9 wherein the second gain- 
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determination circuit is operable to control the gain 
of the amplifier before the first gain-determination 
circuit controls the gain. 

1 1 . The read circuit of claim 9 wherein the second gain- 5 
determination circuit is operable to provide a coarse 
adjustment of the amplifier gain before the first gain- 
determination circuit controls the amplifier gain. 

12. The read circuit of claim 9 further comprising: 10 

a finite-impulse-response filter coupled to the 
converter, having a gain, and operable to proc- 
ess the samples of the read signal; and 
wherein the second gain-determination circuit 15 
is further operable to control the gain of the am- 
plifier in response to the gain of the filter. 



13. A disk-drive system, comprising; 

a data-storage disk having a surface and oper- 
able to store a preamble and data values; 
a motor coupled to and operable to rotate the 
disk; 

a read head operable to generate a read signal 
that includes the preamble followed by the data 
values; 

a read-head positioning assembly operable to 
move the read head over the surface of the 
disk; and 

a read circuit coupled to the read head, the read 
circuit comprising, 

an amplifier having an adjustable gain and 
operable to receive and amplify a read sig- 
nal having a preamble portion and a data 
portion, 

an anatog-to-digital converter coupled to 
the amplifier operable to generate samples 
of the amplified read signal, 
a first gain-determination circuit coupled to 
the amplifier and to the converter and op- 
erable to control the gain of the amplifier 
during the data portion of the read signal, 
and 

a second gain -determination circuit cou- 
pled to the amplifier and to the converter 
and operable to control the gain of the am- 
plifier during the preamble portion of the 
read signal in response to the sum of first 
and second samples of the amplified read 
signal. 
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sponse to the sum of the first and second sam- 
ples. 

15. The method of claim 14 wherein the controlling 
comprises controlling the amplitude of the signal in 
response to the sum one of the samples and the 
product of the other sample and a predetermined 
scale factor. 

16. The method of claim 14 wherein the controlling 
comprises controlling the amplitude of the signal in 
response to the sum of the smaller of the samples 
and the product of the larger sample and a prede- 
termined scale factor. 

17. The method of claim 14 wherein the controlling 
comprises controlling the amplitude of the signal in 
response to the scaled sum of the first and second 
samples. 

18. The method of claim 14 wherein the controlling 
comprises controlling the amplitude of the signal in 
response to the product of the sum of the first and 
second samples and a scale factor that is based on 
the phase angle between one of the samples and a 
predetermined point of the information signal. 



19. The method of claim 14 wherein the controlling 
comprises changing the amplitude of the signal to 

30 or toward a predetermined amplitude. 

20. The method of claim 14, further comprising: 
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14. A method, comprising: 

generating first and second samples of a signal 

having an amplitude; and 

controlling the amplitude of the signal in re- 
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receiving first raw samples that are spaced 
apart from each other by or approximately by 
half a period of the signal; 
receiving second raw samples that are spaced 
apart from each other by or approximately by 
half a period of the signal and that are respec- 
tively spaced apart from the first raw samples 
by or approximately by a quarter period of the 
signal; 

generating the first sample equal to an average 
of the first raw samples; and 
generating the second sample equal to an av- 
erage of the second raw samples. 

The method of claim 14 wherein the controlling 
comprises controlling the amplitude of the signal in 
response to a predetermined amplitude change ap- 
plied to the signal after the generating of the first 
and second samples. 



22. The method of claim 14 wherein the controlling fur- 
ther comprises: 

retrieving from a memory a value that corre- 
sponds to the sum of the first and second sam- 
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pies; and 

controlling the amplitude of the signal in re- 
sponse to the retrieved value. 

23. The method of claim 14 wherein the controlling 5 
comprises exponentially controlling the amplitude 

of the signal. 

24. The method of claim 14 wherein the controlling 
comprises linearly controlling the amplitude of the 10 
signal. 

25. The method of claim 14 wherein: 

the signal has a period; and 15 
the generating comprises generating the first 
sample one fourth or approximately one fourth 
of the period before generating the second 
sample. 
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